INTRODUCTION
Today it is recognised that prenatal exposure to large amounts of alcohol can have long-term adverse neurobehavioural consequences for the child. At the extreme end, fetal alcohol syndrome, caused by exposure to excessive amounts of alcohol in pregnancy, is characterised by growth retardation, facial abnormalities and dysfunctions of the central nervous system (CNS). 1 Evidence of CNS impairments caused by small to moderate levels of alcohol in humans, that is, <1 unit/day, has however, been less conclusive. 2 3 Some studies have suggested subtle neuropsychological deficits later in life, [4] [5] [6] others have not. 7 8 Animal studies have been somewhat more conclusive and have largely found negative associations with learning, memory and social behaviour later in life. 9 10 Most human studies concerned with alcohol intake in pregnancy distinguish between average alcohol intake (ie, low/ moderate/high doses as described above) and binge drinking (most often defined as an intake of minimum five units of alcohol on a single occasion) and the latter is generally considered to be more devastating for the developing CNS. Results from human binge-drinking studies have found negative effects on neurodevelopment including specific psychiatric disorders, 11 hyperactivity and inattention, 12 and IQ and delinquent behaviour, 13 whereas others have not. 7 8 Animal studies concerned with bingelike exposures have largely focused on brain development, and have found associations with Purkinje cell loss, 14 vulnerability of developing white matter 15 and neuronal reduction in the frontal cortex, 16 and West and colleagues concluded that patterns of alcohol consumption that produce high blood alcohol concentration, such as binge drinking, is especially harmful to the brain of the developing fetus. 17 Prenatal and postnatal brain development in males and females has been observed in animal studies to follow a somewhat different trajectory, despite no obvious anatomical differences. 18 19 In humans, gender differences are found regarding psychopathological prevalence rates, 19 different ages of onset, 19 and differences in responses to psychotropic medication. 19 Despite these differences, few human studies have investigated gender-specific effects of prenatal exposure to alcohol. One study concluded that exposure to <1 unit/week in early pregnancy was associated with later mental health problems in girls, but not in boys. 5 However, another study inferred that girls as well as boys born to mothers who drank up to 1-2 drinks per week during pregnancy were not at increased risk of clinically relevant behavioural difficulties at age five compared with non-exposed children. 20 The aim of the present study is to investigate association between exposure to total amount of alcohol and binge drinking in full pregnancy, irrespective of the timing of the exposure, and parent-rated child behavioural and emotional development at age seven. These associations were investigated separately for boys and girls.
METHODS Sample
Data are derived from the population-based Danish National Birth Cohort (DNBC) that comprises information on 100 418 pregnancies. The intention of the DNBC was to investigate potential associations between diverse exposures early in life and the health and development of the children from a life-course perspective. 21 Between 1996 and 2002, pregnant women were enrolled in the cohort nationwide at their first antenatal visit. The women were approached twice in pregnancy at approximately weeks 16 and 30 and again at 6 months postpartum. When the offspring reached the age of seven a questionnaire regarding the child's health and development was sent to the mother. The data collection and analyses of data were, according to Danish legislation, approved by the regional ethical committee and the Data Protection Agency, respectively.
Restriction of sample
The sample for the present study was restricted to women with full information on key alcohol (average alcohol intake and binge drinking) and Strengths and Difficulties Questionnaire (SDQ) variables (hyperactivity/inattention, conduct, emotional and peer problems) and to live-born, term singletons, that is, gestational age of ≥37 completed weeks. This left a total of 37 152 mother-child dyads in the study.
Prenatal alcohol exposure
Alcohol exposure was assessed at three points in time from maternal self-reports: approximately in week 16 concerning prepregnancy and early pregnancy intake, approximately in week 30 regarding intake in the middle part of pregnancy, and 6 months postpartum concerning alcohol intake in the last part of pregnancy. The women answered separate questions regarding their weekly average intake of alcohol (beer, wine and spirits) and binge episodes, defined as an intake of five or more units of alcohol on a single occasion. Because the focus was to investigate possible associations on behavioural and emotional development with total exposure to alcohol throughout pregnancy, a single value for the cumulated intake of alcoholic drinks across the entire pregnancy was summed (figure 1). This was done by multiplying the reported intake from each interview with the number of weeks between each interview. Because the focus was to evaluate potential associations with very low exposures (ie, down to >0-5 units of alcohol throughout pregnancy) it was decided not to divide the summed total by actual number of weeks of pregnancy. The following categories were adopted: 0, >0-5, >5-15, >15-45, >45-90 and >90 weeks. Because the >15-45-week group was the largest, it was chosen as the reference group. When a woman reported occasions of binge drinking she was asked about the number of such episodes. The women were grouped as follows: 0, 1, 2-3, 4+ binge episodes during pregnancy.
Outcome measure: parent-rated SDQ
The parent version of the SDQ contains 25 items concerned with five domains of psychological adjustment: hyperactivity/ inattention, conduct, emotional, peer problems and prosocial behaviours. Each item is scored on a 3-point Likert scale:'not true', 'somewhat true' and 'certainly true' yielding scores between 0 and 2 for each question. [22] [23] [24] Because the aim was to identify problem behaviours, the prosocial scale was not used. The problem scales were used as four separate scale models (ie, hyperactivity/inattention, conduct, emotional and peer problems) and as a broader model of externalising and internalising scales (combining the hyperactivity/inattention and conduct scales and the emotional and peer problem scales, respectively). The four-scale model used to identify children above 10% clinical cut-off, whereas, the two-scale model was used to investigate mean differences between exposure groups. Both models have in the literature been found to have equally good model fits as tested by confirmatory factor analysis. 25 The following gender-specific cut-offs were adapted: hyperactivity/ inattention (≥7 for boys and ≥6 for girls), emotional (≥5 for boys and girls), peer problems (≥3 for boys and girls) and conduct problems scores (≥4 for boys and girls). 26 
Confounding factors
The following covariates were statistically controlled for: maternal cumulated smoking in pregnancy (0, >0-100, >100-300, >300 cigarettes); paternal smoking (yes/no), maternal and paternal education (9 years or less, 10-12 years, 13 years or more); maternal and paternal past history of psychiatric diagnosis (yes/no); and maternal well-being in pregnancy (good/somewhat good/severe problems). The maternal smoking variable was cumulated in the same way as the cumulated alcohol exposure variable (figure 1). Information on past psychiatric history and education came from the Danish registers, and the remaining variables from the structured interviews.
Statistical analyses
All analyses were carried out using SAS V.9.2. The overall aim was to investigate possible associations between prenatal exposure to alcohol and parent-rated SDQ scores at age seven. The first aim was to thoroughly describe the background characteristics of the mothers in relation to their alcohol intake during pregnancy. Second, multivariate linear regressions were used to model prenatal exposure to low/moderate doses of alcohol and binge drinking and associations with continuous externalising and internalising SDQ scores. Because the distributions of SDQ scores have been found to be positively skewed 27 these scores were log-transformed and the outcomes thus reflect a relative change in mean. The four dichotomised problem scales (hyperactivity/inattention, conduct, emotional and peer problems) were assessed using logistic regression models with appropriate cut-offs identifying the 10% of the sample with the highest problems scores. 26 It was a priori decided to carry out all analyses separately for boys and girls.
To test the robustness of the results when making minor changes to the analytical strategy, we conducted the following analyses: (1) All analyses were rerun using early pregnancy exposure only. (2) Combined cumulated alcohol and binge exposure categories were constructed and all analyses were rerun with this compound exposure variable. (3) All analyses were rerun excluding the all-time abstaining women from the analyses. (4) All analyses were rerun including children born before 37 full gestational weeks. (5) All analyses were rerun excluding siblings from the analyses.
RESULTS

Background characteristics Cumulated alcohol intake
Abstainers (0 alcoholic drinks in pregnancy) and high intakers (>90 alcoholic drinks in pregnancy) distinguish themselves from the women with a low-to-moderate intake on most characteristics (table 1) . The abstainers were younger, had high Figure 1 Timeline showing the period of which information from each interview was used.
frequencies on psychiatric variables, more likely to drink cola, watch television, smoke cigarettes, have a prepregnancy Body Mass Index (BMI) outside the normal range and they were the least educated. Of the otherwise abstainers, 10.1%reported at least one binge episode in pregnancy. Because of the large sample size, highly statistically significant differences (p>0.0001) were observed for virtually all variables and are thus not reported here.
The women with the highest alcohol intake (>90 drinks) were the oldest, the most well educated, most likely to drink Virtually all intergroup differences are statistically significant at p>0.0001 level and thus not reported in the table. *Age at birth. †Fully or partly unplanned pregnancy. ‡Time to pregnancy (≥6 months). §Fertility treatment-yes. ¶Married or cohabiting with the child's biological father 6 months postpartum. **Register-based information on educational level in year 2010. † †Register-based information on contact with the psychiatric system. ‡ ‡Binge drinking-yes. § §Maternal cumulated alcohol intake in pregnancy. ¶ ¶Cumulated smoking in pregnancy (smoking in pregnancy-yes). ***Maternal intake of alcohol in the last part of pregnancy. † † †Maternal intake of coffee in pregnancy-yes. ‡ ‡ ‡Prepregnant BMI outside normal range. BMI normal range: 18.5-24.99. § § §Intake of ≥1 L of cola per week. ¶ ¶ ¶Television watching ≥2 h/day in the last part of pregnancy. ****Tenant, homeless or live with parents. † † † †Maternal exercise in last part of pregnancy. ‡ ‡ ‡ ‡Birth weight in grams. § § § §Child contact with the psychiatric system before the age of seven. BMI, Body Mass Index; SGA, small for gestational age; GA, gestational age; M, maternal; P, paternal.
coffee and do exercise. They had high smoking frequencies, but were the least likely to watch television, drink cola and have a prepregnancy BMI outside the normal range; 52.7% reported binge drinking in pregnancy. The frequencies for the low-to-moderate exposure groups were generally in-between these two extreme groups and appeared rather similar on most characteristics.
Binge drinking
The women in the four binge-drinking groups did not differ as markedly as the cumulated alcohol exposure groups. However, the 4+ binge group did stand: they were more likely to have been in contact with the psychiatric system, to smoke, drink coffee and alcohol, but less likely to have a prepregnancy BMI outside the normal range. All four binge groups had similar educational levels. Statistical differences were observed between the binge exposure groups, however, not on as many variables and not as highly significant as the cumulated exposure groups.
Prenatal alcohol exposure and continuous scores
From the adjusted model, no associations were observed between low/moderate doses of alcohol in pregnancy and the parent-rated SDQ externalising and internalising scores at age seven (table 2) . However, an apparent protective association was found for the high-exposure group (>90). Small, but statistically significant, elevated risks were found between binge drinking and internalising (relative change in mean: 1.03-1.07) and externalising scores (relative change in mean: 1. 
Sensitivity analyses
Alcohol consumption, in the literature, is most often defined from early pregnancy intake only. In order to make the analyses from the present study comparable with the remaining literature, the analyses were replicated with average alcohol intake in the early part of pregnancy as the exposure variable. The total sample added up to 37 152 pregnancies and was defined as follows: 0, >0-2, >2-4 and >4 units/week. The results of the analyses for the average alcohol intake in early part of pregnancy revealed significant associations for boys opposite to the expected direction, that is, the higher the intake the lower score with internalising (table 4) and emotional scores (table 5) . The binge-drinking variable was defined as 0, 1, 2-3 and 4 episodes in the early part of pregnancy, and these subanalyses revealed no consistent significant associations with any of the outcomes. However, significant associations were observed in the expected direction for boys for the 1 and 2-3 exposure groups externalising and internalising scores (table 4) . No associations were observed for girls. The cumulated alcohol estimates and the number of binge episodes were combined appropriately into six exposure groups (n=37 152) and the analyses were rerun with this combined measure as the exposure variable. The analyses of the combined alcohol measure revealed no associations with the SDQ internalising and externalising scores. For the four problem scales, the high-exposure group almost consistently had the most extreme estimates, but in the expected and unexpected directions.
The analyses were further rerun where all-time abstainers were excluded from the analyses, and where exposure was defined from first early pregnancy intake only (n=32 733). No important differences were found between these analyses and the analyses excluding prepregnancy abstaining women. Likewise, the analyses were rerun including non-term-born babies (n=38 421), and rerun excluding siblings from the analyses (n=35 635). These results were all virtually identical to the main analyses presented above.
DISCUSSION
After controlling for a wide range of confounding factors, the main analyses revealed statistically significant, positive associations between exposure to binge drinking in pregnancy and internalising, externalising and conduct scores at age seven for boys, but not for girls. The findings are somewhat contradictory to another study that inferred that prenatal exposure to alcohol is more damaging to girls. 5 However, these authors actually hypothesised that any associations would be more readily detectable in boys, and further concluded that their finding might be chance. 5 Another study investigating associations between exposure to smoking in pregnancy and conduct disorder in childhood, did find associations for boys only. 28 Thus, it may be that the brain development trajectory for boys is somewhat more vulnerable to prenatal exposures than girls. 18 19 No associations were observed between lower doses of alcohol and any of the outcomes. On the contrary, the main analyses revealed the poorest mental health outcomes for children of abstainers, but most advanced outcomes for children of the high intakers. Very large differences on background characteristics were observed between the groups defined on the basis of cumulated alcohol exposure. The high intakers were older, and much more well educated than the abstainers who were the least educated, the ones with the highest frequencies of mental disorders and poorest lifestyles habits. These characteristics may well be mentally protective for the high-exposed children but disadvantageous for the unexposed children. 29 30 The expectedly large positive impact of the home environments of the well educated may mask the potential small negative effects of being exposed to low doses of alcohol. This has similarly been inferred in a study by Kelly where the odds of behavioural problems in children of never drinkers were similar to those of children exposed to high levels. 20 For the binge groups, the distribution of covariates were less variable, and the results will, all other things being equal, be less confounded.
The sensitivity analyses defining alcohol exposure from early pregnancy, rather than full pregnancy, revealed a linear trend in the opposite of expected direction for internalising scores, that is, the higher average intake, the lower (and thus more favourable) scores. Two explanations could account for these differences. The first is, that the differences are real because early pregnancy exposure and full pregnancy exposure are associated with different observable behaviours at age seven. Another possible explanation is that the results are due to unmeasured and residual confounding. Large intergroup differences in characteristics were observed for the groups defined on the basis of full pregnancy exposure on key covariates, for example, age, education, psychiatric difficulties and lifestyle factors. It is very likely that the pattern in covariates observed on the basis of full pregnancy exposure (as reported in table 1) and the pattern that would be observed for the groups defined on the basis of early pregnancy exposure differs. One study did report large differences on lifestyle and sociodemographic factors of women who binge drank before and after they become aware of their pregnancy. 31 In other words, the characteristics, along with other unmeasured confounding variables such as IQ, attachment style and personality could be mentally protective for the highexposed children, but disadvantageous for the unexposed children. It is today well known that the quality of the motherchild relationship has lasting consequences for a wide range of developmental cognitive and mental health outcomes. 32 Infants who develop a secure attachment style have a better emotional regulation, higher self-esteem, and develop more coping skills that, in turn, makes them better able to handle stressful or challenging situations and lowers the risk for poorer mental health outcomes later in life. On the other hand, insecurely attached children are at greater risk for poor mental health outcomes. 32 33 Thus, different home environments create different conditions for the developing brain. Because the home environment has such great impact on brain development, a potential damaging effect of being exposed to a small amount of alcohol is masked. Further, because the distribution of covariates in the bingeexposure groups were less variable compared to the cumulated alcohol-exposure groups, less confounding will mask potential associations in the binge-exposure groups.
Strengths and limitations
The tremendous size of the sample and the use of wellestablished outcome measure are obvious advantages of the present study. Also, exposure from full pregnancy was used, rather than just from early pregnancy. The construction of the cumulated alcohol measure can, on the other hand, also be considered a limitation as it may include some misclassification. However, the strong linear trends for many of the covariates validate the method. The use of self-reported alcohol intake, as well as SDQ outcome measures, can also be considered a limitation, and we cannot rule out interdependence between these self-reported measures. Finally, the timing of the exposure has been ignored in the present study. Other studies have demonstrated that ignoring this factor can mask potential associations of low and moderate prenatal alcohol exposure and fetal effects.
34
What is known on this subject
Prenatal exposure to high levels of alcohol is known to be associated with childhood mental health problems. Evidence of mental health problems caused by small to moderate levels of alcohol has, however been less conclusive.
What this study adds
Binge drinking is weakly associated with behavioural and emotional development at age seven. Large differences in background characteristics were observed between the groups defined by cumulated alcohol exposure, that is, low-moderate doses of alcohol, leaving these interpretations of findings uncertain.
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